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ˆ´¸É¨ÉÊÉ Ë¨§¨±¨ ¢Ò¸µ±¨Ì Ô´¥·£¨°, �·µÉ¢¨´µ Œµ¸±µ¢¸±µ° µ¡².

‚ · ³± Ì ̧ ¶¥Í¨ ²Ó´µ° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨ · ¸¸³ É·¨¢ ¥É¸Ö § ¤ Î  „¦.‘.�¥²² 
¢ ¨´¥·Í¨ ²Ó´µ° ¨ Ê¸±µ·¥´´µ° ¸¨¸É¥³ Ì ±µµ·¤¨´ É.

The problem of J.S.Bell has been investigated within the frames of special relativity
theory in the inertial and accelerated systems of coordinates.

‚ § ³¥É±¥ [1] „¦.‘.�¥²²  ®Š ± ¶·¥¶µ¤ ¢ ÉÓ ¸¶¥Í¨ ²Ó´ÊÕ É¥µ·¨Õ
µÉ´µ¸¨É¥²Ó´µ¸É¨¯ · ¸¸³µÉ·¥´  ¸²¥¤ÊÕÐ Ö § ¤ Î .

®’·¨ ³ ²¥´Ó±¨Ì ±µ¸³¨Î¥¸±¨Ì · ±¥ÉÒ, �, ‚, ¨ ‘, ¤·¥°ËÊÕÉ ¸¢µ¡µ¤´µ ¢
µ¡² ¸É¨ ¶·µ¸É· ´¸É¢ , Ê¤ ²¥´´µ° µÉ µ¸É ²Ó´µ£µ ¢¥Ð¥¸É¢ , ¡¥§ ¢· Ð¥´¨Ö
¨ ¡¥§ µÉ´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö, ¶·¨Î¥³ ‚ ¨ ‘ · ¢´µ Ê¤ ²¥´Ò µÉ � (·¨¸.1).

�µ ¶µ²ÊÎ¥´¨¨ ¸¨£´ ²  µÉ � ¤¢¨£ É¥²¨ ‚ ¨ ‘ § ¶Ê¸± ÕÉ¸Ö, ¨ µ´¨
´ Î¨´ ÕÉ ¶² ¢´µ Ê¸±µ·ÖÉÓ¸Ö (·¨¸.2). �Ê¸ÉÓ · ±¥ÉÒ ‚ ¨ ‘ ¨¤¥´É¨Î´Ò ¨
¨³¥ÕÉ ¨¤¥´É¨Î´Ò¥ ¶·µ£· ³³Ò Ê¸±µ·¥´¨Ö. ’µ£¤  (± ± ¸Î¨É ¥É ´ ¡²Õ¤ -
É¥²Ó ´  �) µ´¨ ¡Ê¤ÊÉ ¢ ± ¦¤Ò° ³µ³¥´É ¢·¥³¥´¨ ¨³¥ÉÓ µ¤¨´ ±µ¢ÊÕ ¸±µ-
·µ¸ÉÓ ¨, É ±¨³ µ¡· §µ³, µ¸É ¢ ÉÓ¸Ö ¸³¥Ð¥´´Ò³¨ ¤·Ê£ µÉ´µ¸¨É¥²Ó´µ ¤·Ê-
£  ´  Ë¨±¸¨·µ¢ ´´µ¥ · ¸¸ÉµÖ´¨¥.

�·¥¤¶µ²µ¦¨³, ÎÉµ ¸ ¸ ³µ£µ ´ Î ²  ‚ ¨ ‘ ¸¢Ö§ ´Ò Éµ´±µ° ´¨ÉÓÕ
(·¨¸.3). ˆ ¥¸²¨ ¶µ´ Î ²Ê ´¨ÉÓ ¤µ¸É ÉµÎ´µ ¤²¨´´ , ÎÉµ¡Ò ¥¥ Ì¢ É¨²µ ´ 
É·¥¡Ê¥³µ¥ · ¸¸ÉµÖ´¨¥, Éµ ¶µ ³¥·¥ Éµ£µ, ± ± · ±¥ÉÒ Ê¸±µ·ÖÕÉ¸Ö, µ´  ¸É -
´¥É ¸²¨Ï±µ³ ±µ·µÉ±µ°, ¶µ¸±µ²Ó±Ê ¶µ¤¢¥·£ ¥É¸Ö Ë¨Í¤¦¥· ²Ó¤µ¢¸±µ³Ê
¸¦ É¨Õ, ¨ ¢ ±µ´Í¥ ±µ´Íµ¢ ¶µ·¢¥É¸Ö. �´  ¤µ²¦´  ¶µ·¢ ÉÓ¸Ö, ±µ£¤  ¶·¨ ¤µ-
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¸É ÉµÎ´µ ¡µ²ÓÏµ° ¸±µ·µ¸É¨ ¨¸±Ê¸¸É¢¥´´µ¥ ¶·¥¤µÉ¢· Ð¥´¨¥ ¥¸É¥¸É¢¥´´µ-
£µ ¸¦ É¨Ö ¶·¨¢¥¤¥É ± ´¥¤µ¶Ê¸É¨³µ³Ê ´ ÉÖ¦¥´¨Õ.

„¥°¸É¢¨É¥²Ó´µ ²¨ ÔÉµ É ±? �É  ¸É · Ö § ¤ Î  µ± § ² ¸Ó µ¤´ ¦¤Ò
¶·¥¤³¥Éµ³ µ¡¸Ê¦¤¥´¨Ö ¢ ¸Éµ²µ¢µ° –…��. �¤¨´ Ê¢ ¦ ¥³Ò° Ë¨§¨±-Ô±¸-
¶¥·¨³¥´É Éµ· µÉ± § ²¸Ö ¸µ£² ¸¨ÉÓ¸Ö ¸ É¥³, ÎÉµ ´¨ÉÓ ¶µ·¢¥É¸Ö, ¨ ¸Î¥²
³µÕ Ê¢¥·¥´´µ¸ÉÓ ¢ µ¡· É´µ³ ³µ¨³ ¸µ¡¸É¢¥´´Ò³ ´¥¶µ´¨³ ´¨¥³ ¸¶¥Í¨ ²Ó-
´µ° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨. ŒÒ ·¥Ï¨²¨ µ¡· É¨ÉÓ¸Ö ¢ É¥µ·¥É¨Î¥¸±¨°
µÉ¤¥² –…�� §   ·¡¨É· ¦¥³ ¨ ¶·µ¨§¢¥²¨ (´¥ µÎ¥´Ó ¸¨¸É¥³ É¨Î¥¸±¨°)
µ¶·µ¸ µ¡Ð¥¸É¢¥´´µ£µ ³´¥´¨Ö ´  ÔÉµÉ ¸Î¥É. �¡· §µ¢ ²¸Ö µÉÎ¥É²¨¢Ò° ±µ´-
¸¥´¸Ê¸ ¢ ¶µ²Ó§Ê Éµ£µ, ÎÉµ ´¨ÉÓ ´¥ ¶µ·¢¥É¸Ö! Šµ´¥Î´µ, ³´µ£¨¥, ±Éµ ¶µ´ Î -
²Ê ¤ ¥É ÔÉµÉ ´¥¶· ¢¨²Ó´Ò° µÉ¢¥É, ¶·¨Ìµ¤ÖÉ ¶µ¸²¥ ´¥±µÉµ·µ£µ · §³ÒÏ-
²¥´¨Ö ± ¶· ¢¨²Ó´µ³Ê. �¡ÒÎ´µ µ´¨ ÎÊ¢¸É¢ÊÕÉ ´¥µ¡Ìµ¤¨³µ¸ÉÓ ¶µ¸³µÉ·¥ÉÓ,
± ± ¢¸¥ ÔÉµ ¶·¥¤¸É ¢²Ö¥É¸Ö ´ ¡²Õ¤ É¥²Õ ‚ ¨²¨ ‘. �´¨ µ¡´ ·Ê¦¨¢ ÕÉ,
ÎÉµ ‚, ´ ¶·¨³¥·, ¢¨¤¨É ‘ ¢¸¥ ¤ ²ÓÏ¥ ¨ ¤ ²ÓÏ¥ ¶µ§ ¤¨, É ± ÎÉµ ¤ ´´Ò°
±Ê¸µ± ´¨É±¨ ´¥ ³µ¦¥É ¡µ²ÓÏ¥ ¶µ±·ÒÉÓ · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ´¨³¨. ’µ²Ó±µ
¶·µ¤¥² ¢ ÔÉµ ¨, ¢µ§³µ¦´µ, ¸ µ¸É ÉµÎ´Ò³ µÐÊÐ¥´¨¥³ ± ±µ°-Éµ ´¥²µ¢±µ¸É¨
ÔÉ¨ ²Õ¤¨ ¢ ±µ´Í¥-±µ´Íµ¢ ¶·¨Ìµ¤ÖÉ ± § ±²ÕÎ¥´¨Õ, ±µÉµ·µ¥ ¸µ¢¥·Ï¥´´µ
É·¨¢¨ ²Ó´µ ¸ ÉµÎ±¨ §·¥´¨Ö �, ¢±²ÕÎ Ö Ë¨Í¤¦¥· ²Ó¤µ¢¸±µ¥ ¸µ±· Ð¥´¨¥.
Œµ¥ ¢¶¥Î É²¥´¨¥, ÎÉµ É¥, Ê ±µ£µ ¡µ²¥¥ ±² ¸¸¨Î¥¸±µ¥ µ¡· §µ¢ ´¨¥, ±Éµ §´ -
¥É ±µ¥-ÎÉµ ¨§ · ¸¸Ê¦¤¥´¨° ‹ ·³µ· , ‹µ·¥´Í  ¨ �Ê ´± ·¥,   É ±¦¥
�°´ÏÉ¥°´ , µ¡² ¤ ÕÉ ¡µ²¥¥ ¸¨²Ó´Ò³ ¨ ´ ¤¥¦´Ò³ ¨´¸É¨´±Éµ³¯.

�¥·¥°¤¥³ ±  ´ ²¨§Ê ¤ ´´µ° § ¤ Î¨. �Ê¸ÉÓ ¤²¨´  ´¨É¨, ±µÉµ· Ö ¸µ¥¤¨´Ö-
¥É · ±¥ÉÒ ‚ ¨ ‘ ¢ ¶µ±µÖÐ¥³¸Ö ¸µ¸ÉµÖ´¨¨, · ¢´  · ¸¸ÉµÖ´¨Õ ³¥¦¤Ê ´¨³¨,
· ¢´µ³Ê l0. �·¨ ¤¢¨¦¥´¨¨ ´¨É¨, ¢ ¸¨²Ê ¸µ±· Ð¥´¨Ö ‹µ·¥´Í , ¥¥ ¤²¨´  ¤µ²-

¦´  ¸É ÉÓ ¢ ´¥¶µ¤¢¨¦´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É (£¤¥ ¥¥ ±µ´ÍÒ Ë¨±¸¨·ÊÕÉ¸Ö ¢
µ¤¨´ ¨ ÉµÉ ¦¥ ³µ³¥´É ¢·¥³¥´¨ ¶µ Î ¸ ³ ´¥¶µ¤¢¨¦´µ° ¸¨¸É¥³Ò) · ¢´µ°

l = l0√1 − v2 .

�µ¸±µ²Ó±Ê, µ¤´ ±µ, ±µ´ÍÒ ´¨É¨ ¸±·¥¶²¥´Ò ¸ · ±¥É ³¨, · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê
±µÉµ·Ò³¨ (l

0
) µ¸É ¥É¸Ö ¶µ¸ÉµÖ´´Ò³ (É.±. µ´¨ ¤¢¨¦ÊÉ¸Ö ¶µ µ¤´µ³Ê ¨ Éµ³Ê

¦¥ § ±µ´Ê), ´¨ÉÓ ¤µ²¦´  · §µ·¢ ÉÓ¸Ö. ’ ±µ¥ µ¡ÑÖ¸´¥´¨¥ ¤ ¸É ́  ¡²Õ¤ É¥²Ó,
´ Ìµ¤ÖÐ¨°¸Ö ¢ ´¥¶µ¤¢¨¦´µ° ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É.

‘ ÉµÎ±¨ §·¥´¨Ö ´ ¡²Õ¤ É¥²Ö, ´ Ìµ¤ÖÐ¥£µ¸Ö ´  µ¤´µ° ¨§ · ±¥É, · §·Ò¢
´¨É¨ ¶·µ¨§µ°¤¥É ¨§-§  Éµ£µ, ÎÉµ · ±¥ÉÒ ¸ É¥Î¥´¨¥³ ¢·¥³¥´¨ Ê¤ ²ÖÕÉ¸Ö ¤·Ê£
µÉ ¤·Ê£ . �Éµ ²¥£±µ Ê¸³µÉ·¥ÉÓ ¨§ ¨´¢ ·¨ ´É´µ¸É¨ ¨´É¥·¢ ²  ¢ ¶·µ¸É· ´¸É¢¥
Œ¨´±µ¢¸±µ£µ. „¥°¸É¢¨É¥²Ó´µ, ¨´É¥·¢ ² ³¥¦¤Ê ¤¢Ê³Ö ¸µ¡ÒÉ¨Ö³¨, ¸µµÉ¢¥É¸É-
¢ÊÕÐ¨³¨ Ë¨±¸ Í¨¨ ¶µ²µ¦¥´¨Ö · ±¥É ‚ ¨ ‘ ¢ µ¤¨´ ¨ ÉµÉ ¦¥ ³µ³¥´É ¢·¥-
³¥´¨ ¶µ Î ¸ ³ ́ ¥¶µ¤¢¨¦´µ° ̧ ¨¸É¥³Ò ±µµ·¤¨´ É, ¶·µ¸É· ´¸É¢¥´´µ¶µ¤µ¡¥´ ̈

· ¢¥´ S12
2  = − l 0

2. �ÉµÉ ¦¥ ¨´É¥·¢ ² ¢ ¸¨¸É¥³¥ ±µµ·¤¨´ É, ¸µ¶ÊÉ¸É¢ÊÕÐ¨°

· ±¥É ³, ¤µ²¦¥´ ¨³¥ÉÓ ¢·¥³¥´´ÊÕ Î ¸ÉÓ (É.±. ¸µ¡ÒÉ¨Ö, µ¤´µ¢·¥³¥´´Ò¥ ¢
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´¥¶µ¤¢¨¦´µ° ¸¨¸É¥³¥, ´¥µ¤´µ¢·¥³¥´´Ò ¢ ¸µ¶ÊÉ¸É¢ÊÕÐ¥°). �µÔÉµ³Ê ¶·µ¸É-
· ´¸É¢¥´´ Ö Î ¸ÉÓ ¨´É¥·¢ ²  (µ¶·¥¤¥²ÖÕÐ Ö · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê · ±¥É ³¨)
¤µ²¦´  ¡ÒÉÓ ¡µ²ÓÏ¥ l0 ¨ ¢µ§· ¸É ÉÓ ¶µ ³¥·¥ Ê¢¥²¨Î¥´¨Ö ¸±µ·µ¸É¨ · ±¥É.

‚ ¸²ÊÎ ¥ Ê¸±µ·¥´´µ£µ ¤¢¨¦¥´¨Ö, ± ± ¢¨¤´µ ¨§ · ¸¸³ É·¨¢ ¥³µ£µ ¶·¨³¥-
· , ¶·µÖ¢²Ö¥É¸Ö ¤¨´ ³¨Î¥¸± Ö ¶·¨·µ¤  ¶·¥µ¡· §µ¢ ´¨Ö ‹µ·¥´Í . ‘µ±· -
Ð¥´¨¥ ‹µ·¥´Í , ± ±, ¢¶·µÎ¥³, ̈  ̧  ³  £¥µ³¥É·¨Ö ¶²µ¸±µ£µ ¶·µ¸É· ´¸É¢ -¢·¥-
³¥´¨ Œ¨´±µ¢¸±µ£µ, ̈ ³¥ÕÉ ¤¨´ ³¨Î¥¸±ÊÕ ¶·¨·µ¤Ê, ¶µ¸±µ²Ó±Ê µ´¨ µÉ· ¦ ÕÉ
µ¡Ð¨¥ ¤¨´ ³¨Î¥¸±¨¥ ¸¢µ°¸É¢  ³ É¥·¨¨ Å § ±µ´Ò ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨-
¨³¶Ê²Ó¸  ¨ ³µ³¥´É  ±µ²¨Î¥¸É¢  ¤¢¨¦¥´¨Ö. ˆ³¥´´µ ÔÉ¨ µ¡Ð¨¥ § ±µ´Ò,
Ê´¨¢¥·¸ ²Ó´Ò¥ ¤²Ö ²Õ¡ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°, ¨ ¶·¨¢µ¤ÖÉ ± ¥¤¨´µ° ¤²Ö ¢¸¥Ì
Ëµ·³ ¤¢¨¦¥´¨Ö ³ É¥·¨¨ ¶¸¥¢¤µ¥¢±²¨¤µ¢µ° £¥µ³¥É·¨¨.

�¸É ´µ¢¨³¸Ö ´  ÔÉµ° § ¤ Î¥ ¶µ¤·µ¡´¥¥. �·µ¢¥¤¥³ ¸´ Î ²   ´ ²¨§
¤¢¨¦¥´¨Ö · ±¥É ¢ ®´¥¶µ¤¢¨¦´µ°¯ ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É, ¢ ±µÉµ-
·µ° ¸É ·Éµ¢ ²¨ · ±¥ÉÒ ‚ ¨ ‘. �¥²ÖÉ¨¢¨¸É¸±µ¥ ±µ¢ ·¨ ´É´µ¥ Ê· ¢´¥´¨¥
¤¢¨¦¥´¨Ö ± ¦¤µ° ¨§ ́ ¨Ì ¶·µ¨¸Ìµ¤¨É ¶µ¤ ¤¥°¸É¢¨¥³ ¶µ¸ÉµÖ´´µ° ¸¨²Ò f, ¸µ§-
¤ ÕÐ¥° (¢ ¸¨¸É¥³¥ ¶µ±µÖ · ±¥ÉÒ) ¶µ¸ÉµÖ´´µ¥ Ê¸±µ·¥´¨¥  , ¨ ¨³¥¥É ¢¨¤
(¥¸²¨ ¸¨²  f ´ ¶· ¢²¥´  ¶µ µ¸¨ x)

m 
dUx

dτ  = Fx,    m 
dU

0

dτ  = F
0
. (1)

‡¤¥¸Ó Ux, U0
 Å ±µ³¶µ´¥´ÉÒ Î¥ÉÒ·¥Ì¸±µ·µ¸É¨:

U α = 



 

1

√1 − v2
, 

v

√1 − v2
 



 ; (2)

Fx, F0
 Å ±µ³¶µ´¥´ÉÒ Î¥ÉÒ·¥Ì¸¨²Ò:

F α = 






 

fv

√1 − v2
, 

f

√1 − v2
 






 ; (3)

τ Å ¸µ¡¸É¢¥´´µ¥ ¢·¥³Ö. ‘±µ·µ¸ÉÓ ¸¢¥É  c = 1.

�  µ¸´µ¢ ´¨¨ (2) ¨³¥¥³

U 
0
2 − U x

2 = 1. (4)

ˆ§ Ëµ·³Ê² (2) ¨ (3) ¶µ²ÊÎ¨³

F
0
 = fUx,   Fx = fU

0
. (5)

‘ ¶µ³µÐÓÕ ¢Ò· ¦¥´¨° (5) Ê· ¢´¥´¨¥ (1) § ¶¨Ï¥³ ¢ ¢¨¤¥

dUx

dτ  = aU
0
,    

dU
0

dτ  = aUx,    a = 
f
m

. (6)
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�É¨ Ê· ¢´¥´¨Ö ¢ ¸¨²Ê (4) ¨³¥ÕÉ ¶·µ¸Éµ¥ ·¥Ï¥´¨¥

Ux = 
dx
dτ = sinh aτ,    U

0
 = 

dt
dτ = cosh aτ. (7)

�  µ¸´µ¢ ´¨¨ (2) ¨ (7) ¨³¥¥³

v = tanh aτ,    cosh aτ = 
1

√1 − v2
 . (8)

…¸²¨ ¢ ´ Î ²Ó´Ò° ³µ³¥´É ¢·¥³¥´¨ (τ = 0) µ¤´  ¨§ · ±¥É (‚) ´ Ìµ¤¨² ¸Ó ´ 

µ¸¨ x ¢ ÉµÎ±¥ xB
0 ,   ¤·Ê£ Ö ¢ ÉµÎ±¥ xC

0  , Éµ É· ¥±Éµ·¨Ö ¤¢¨¦¥´¨Ö ¶¥·¢µ°

· ±¥ÉÒ ¡Ê¤¥É µ¶·¥¤¥²ÖÉÓ¸Ö ¨§ (7) ¶ · ³¥É·¨Î¥¸±¨ (Î¥·¥§ ¸µ¡¸É¢¥´´µ¥ ¢·¥-
³Ö τ):

xB = 
1
a
 (cosh aτ − 1) + xB

0 , (9)

t = 
1
a
 sinh aτ. (10)

�´ ²µ£¨Î´Ò³ µ¡· §µ³ ¡Ê¤¥É ¶·¥¤¸É ¢²ÖÉÓ¸Ö ¨ É· ¥±Éµ·¨Ö ¢Éµ·µ° · ±¥ÉÒ
‘. � ¢´µÊ¸±µ·¥´´µ¥ ¤¢¨¦¥´¨¥ ¢ ·¥²ÖÉ¨¢¨¸É¸±µ° ³¥Ì ´¨±¥ µ¡ÒÎ´µ ´ §Ò¢ -
ÕÉ £¨¶¥·¡µ²¨Î¥¸±¨³ ¤¢¨¦¥´¨¥³.

�  µ¸´µ¢ ´¨¨ (8) ¨ (10) ¨³¥¥³

cosh aτ = 
1

√1 − v2
 = √1 + a2t 2 . (11)

ˆ¸¶µ²Ó§ÊÖ (11), ´ °¤¥³ Ö¢´ÊÕ § ¢¨¸¨³µ¸ÉÓ ±µµ·¤¨´ É ¨ ¸±µ·µ¸É¨ · ±¥É µÉ
¢·¥³¥´¨ t:

xB = 
1
a
 
 √1 + a2t 2  − 1 

 + x B
0 . (12)

xC = 
1
a
 
 √1 + a2t 2  − 1 

 + x C
0  . (13)

C ¶µ³µÐÓÕ (8), (10) ¨ (11) ´ °¤¥³

vC(t) = vB(t) = 
at

√1 + a2t 2
 . (14)

’ ±¨³ µ¡· §µ³, ¢ ®´¥¶µ¤¢¨¦´µ°¯ ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É · ¸-
¸ÉµÖ´¨¥ ³¥¦¤Ê ¤¢Ê³Ö · ±¥É ³¨ µ¸É ¥É¸Ö ´¥¨§³¥´´Ò³ ¨ · ¢´Ò³ ¶¥·¢µ´ -
Î ²Ó´µ³Ê · c¸ÉµÖ´¨Õ:

l
0
 = xB(t) − xC(t) = xB

0 − xC
0 . (15)
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�µ-¢¨¤¨³µ³Ê, ¨¸Ìµ¤Ö ¨§ ÔÉµ£µ Ë ±É , ¡µ²ÓÏ¨´¸É¢µ Ë¨§¨±µ¢, µ¶·µÏ¥´´ÒÌ
„¦.�Ô²²µ³, ¨ ÊÉ¢¥·¦¤ ²¨, ÎÉµ ´¨ÉÓ, ¸¢Ö§Ò¢ ÕÐ Ö · ±¥ÉÒ, ´¥ ¤µ²¦´  ¶µ·-
¢ ÉÓ¸Ö. �·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´Ò¥ ¸µµÉ´µÏ¥´¨Ö ¢ ³¨·¥ Œ¨´±µ¢¸±µ£µ
µ¶·¥¤¥²ÖÕÉ¸Ö ¨´É¥·¢ ²µ³ ³¥¦¤Ê ¸µ¡ÒÉ¨Ö³¨. ‚ § ¤ Î¥ µ ¤¢¨¦¥´¨¨ · ±¥É ‚
¨ ‘ ®´¥¶µ¤¢¨¦´Ò°¯ ´ ¡²Õ¤ É¥²Ó ¢ ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É, ¶µ
¸ ³µ° ¶µ¸É ´µ¢±¥ § ¤ Î¨, ¨³¥¥É ¤¥²µ ¸ ¶·µ¸É· ´¸É¢¥´´µ¶µ¤µ¡´Ò³ ¨´É¥·-
¢ ²µ³, · ¢´Ò³

SBC
2  = − (xB(t) − xC(t))2 = − (xB

0 − xC
0 )2 = − l 0

2.

ˆ µ´ ¶µ ¶µ¸É ´µ¢±¥ Ô±¸¶¥·¨³¥´É  ´¥ ¢ ¸µ¸ÉµÖ´¨¨ µ¶·¥¤¥²¨ÉÓ: ¶·µ¨¸Ìµ¤¨É
²¨ ¶·¨ · ¢´µ³¥·´µ Ê¸±µ·¥´´µ³ ¤¢¨¦¥´¨¨ · ±¥É ‚ ¨ ‘ ¢ ¨Ì ¸¨¸É¥³¥ ±µ-
µ·¤¨´ É ¢§ ¨³´µ¥ Ê¤ ²¥´¨¥ · ±¥É ¤·Ê£ µÉ ¤·Ê£ ? �µ ¥¸²¨ ¡Ò ¶·¨ ¶µ¤£µÉµ¢-
±¥ ¤ ´´µ£µ Ô±¸¶¥·¨³¥´É  ¡Ò²µ ¸µ§¤ ´µ ¸¶¥Í¨ ²Ó´µ¥ Ê¸É·µ°¸É¢µ, ±µÉµ·µ¥
¶·¨ · §·Ò¢¥ ´¨É¨ ¸µ§¤ ¥É ¸¢¥Éµ¢µ° ¨³¶Ê²Ó¸, Éµ, Ê¢¨¤¥¢ ¸¢¥Éµ¢µ° ¸¨£´ ²,
®´¥¶µ¤¢¨¦´Ò°¯ ´ ¡²Õ¤ É¥²Ó Ë¨±¸¨·µ¢ ² ¡Ò · §·Ò¢ ´¨É¨. �µ ÎÉµ¡Ò
µ¡ÑÖ¸´¨ÉÓ ÔÉµ Ö¢²¥´¨¥, ¥³Ê ¶·¨Ï²µ¸Ó ¡Ò µÉ±·ÒÉÓ ¶¸¥¢¤µ¥¢±²¨¤µ¢Ê £¥µ-
³¥É·¨Õ ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨. „²Ö µÉ¢¥É  ´  ¶µ¸É ¢²¥´´Ò° ¢ÒÏ¥ ¢µ¶·µ¸
´¥µ¡Ìµ¤¨³µ ¶·µÍ¥¸¸ ¤¢¨¦¥´¨Ö · ±¥É ‚ ¨ ‘ · ¸¸³µÉ·¥ÉÓ ¢ ¸µ¶ÊÉ¸É¢ÊÕÐ¥°
¸¨¸É¥³¥ ±µµ·¤¨´ É. ˆ³¥´´µ ¶ÊÉ¥³ ¸· ¢´¥´¨Ö ¶·µ¸É· ´¸É¢¥´´µ¶µ¤µ¡´µ°
Î ¸É¨ ¨´É¥·¢ ²  ¢ ¸µ¶ÊÉ¸É¢ÊÕÐ¥° ¸¨¸É¥³¥ ±µµ·¤¨´ É ¸ l

0
 ¨ ³µ¦´µ Ê¸É -

´µ¢¨ÉÓ Ë ±É ¢§ ¨³´µ£µ Ê¤ ²¥´¨Ö · ±¥É ‚ ¨ ‘ ¤·Ê£ µÉ ¤·Ê£  ¸ É¥Î¥´¨¥³
¢·¥³¥´¨.

‘ ¶µ³µÐÓÕ (10) ¨ (11) ²¥£±µ ¢Ò· §¨ÉÓ τ Î¥·¥§ t:

τ = 
1
a
 ln 

at + √1 + a2t 2 
 .

�É¸Õ¤  ¢¨¤´µ, ÎÉµ ¸µ¡¸É¢¥´´µ¥ ¢·¥³Ö · ¸É¥É £µ· §¤µ ³¥¤²¥´´¥¥, Î¥³ ¢·¥-
³Ö t ¢ ®´¥¶µ¤¢¨¦´µ°¯ ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É. ˆ¸Ìµ¤´ Ö

¨´¥·Í¨ ²Ó´ Ö ¸¨¸É¥³  ±µµ·¤¨´ É, ¢ ±µÉµ·µ° ¨³¥¥É¸Ö ¸¨²µ¢µ¥ ¶µ²¥ F α,
¸µµ¡Ð ÕÐ¥¥ ¶pµ¡´Ò³ É¥² ³ ¶µ¸ÉµÖ´´µ¥ ¢ ¨Ì ¸¨¸É¥³¥ ±µµ·¤¨´ É Ê¸±µ-
·¥´¨¥  , ³µ¦¥É ¡ÒÉÓ ¶·¥µ¡· §µ¢ ´  ¸ ¶µ³µÐÓÕ ±µµ·¤¨´ É´µ£µ ¶·¥µ¡· §µ-
¢ ´¨Ö ¢ · ¢´µ³¥·´µ Ê¸±µ·¥´´ÊÕ ¸¨¸É¥³Ê ±µµ·¤¨´ É. ‚ ®´¥¶µ¤¢¨¦´µ°¯
¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É ¨´É¥·¢ ² ds, Ì · ±É¥·¨§ÊÕÐ¨°
³¥É·¨Î¥¸±¨¥ ¸¢µ°¸É¢  ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨, ¨³¥¥É ¢¨¤

ds2 = dt 2 − dx2 − dy2 − dz2. (16)

ˆ³¥´´µ ¢ ÔÉµ° ¸¨¸É¥³¥ ±µµ·¤¨´ É ¨³¥¥É¸Ö ¸¨²µ¢µ¥ ¶µ²¥ (3) ¸ ±µ³¶µ´¥´-
É ³¨ (F

0
, Fx). „²Ö Éµ£µ ÎÉµ¡Ò ´ £²Ö¤´µ Ê¢¨¤¥ÉÓ, ¶µÎ¥³Ê · §·Ò¢ ¥É¸Ö ´¨ÉÓ,

¶¥·¥°¤¥³ ¢ · ¢´µ³¥·´µ Ê¸±µ·¥´´ÊÕ ¸¨¸É¥³Ê ±µµ·¤¨´ É [2]. ‚¢¥¤¥³ ¶¥·¥-
³¥´´ÊÕ ρ ¸ ¶µ³µÐÓÕ ¶·¥µ¡· §µ¢ ´¨Ö
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ρ = x − 
1
a
 [ cosh aτ − 1], (17)

µ¸É ²Ó´Ò¥ ±µµ·¤¨´ ÉÒ τ, y, z µ¸É ¢¨³ ¡¥§ ¨§³¥´¥´¨Ö. �·¨ É ±µ³ ¶·¥µ¡· -
§µ¢ ´¨¨ ¶·µ¡´Ò¥ É¥²  ¢ ¸µ¶ÊÉ¸É¢ÊÕÐ¥° ´¥¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µ-
µ·¤¨´ É ´ Ìµ¤ÖÉ¸Ö ¢ ¶µ±µ¥. ‘µ£² ¸´µ Ëµ·³Ê²¥ (10) ¨³¥¥³

dt = dτ cosh aτ. (18)

“Î¨ÉÒ¢ Ö (17) ¨ (18), ¢Ò· ¦¥´¨¥ (16) ¶·¥µ¡· §Ê¥³ ± ¢¨¤Ê

ds2 = dτ2 − dρ2 − 2dρdτ sinh aτ − dy2 − dz2. (19)

ŒÒ ¢¨¤¨³, ÎÉµ ¨´¥·Í¨ ²Ó´ÊÕ ¸¨¸É¥³Ê ±µµ·¤¨´ É (16) ¸ ¸¨²µ¢Ò³ ¶µ²¥³
Fx ³Ò É· ´¸Ëµ·³¨·µ¢ ²¨ ¢ · ¢´µ³¥·´µ Ê¸±µ·¥´´ÊÕ ¸¨¸É¥³Ê ±µµ·¤¨´ É

(19) ¸ ³¥É·¨Î¥¸±¨³¨ ±µÔËË¨Í¨¥´É ³¨

g00 = 1,    gρρ = − 1,    g0ρ = − sinh aτ,    gyy = − 1,    gxx = − 1.

„¥°¸É¢¨¥ ¸¨²µ¢µ£µ ¶µ²Ö ¡Ê¤¥É É¥¶¥·Ó ¶·µÖ¢²ÖÉÓ¸Ö ¢ ³¥É·¨Î¥¸±¨Ì ¸¢µ°¸É-
¢ Ì ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨. „²Ö µ¶·¥¤¥²¥´¨Ö Ë¨§¨Î¥¸±µ£µ ¢·¥³¥´¨ ¨ · ¸-

¸ÉµÖ´¨Ö ¢ · ¢´µ³¥·´µ Ê¸±µ·¥´´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É ¢Ò¤¥²¨³ ¢ ds2 ¢·¥-
³¥´¨¶µ¤µ¡´ÊÕ ¨ ¶·µ¸É· ´¸É¢¥´´µ¶µ¤µ¡´ÊÕ Î ¸É¨:

ds2 = [dτ − dρ sinh aτ]2 − dρ2 cosh2 aτ − dy2 − dz2. (20)

‚ ÔÉµ³ ¢Ò· ¦¥´¨¨ ¢¥²¨Î¨´ 

dσ = dτ − dρ sinh aτ (21)

µ¶·¥¤¥²Ö¥É ¶·µ³¥¦ÊÉµ± Ë¨§¨Î¥¸±µ£µ ¢·¥³¥´¨ ¢ · ¢´µ³¥·´µ Ê¸±µ·¥´´µ°
¸¨¸É¥³¥ ±µµ·¤¨´ É [2]. ‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ Ìµ¤ ¢·¥³¥´¨ dσ § ¢¨¸¨É µÉ
¤¥°¸É¢¨Ö ̧ ¨²µ¢µ£µ ¶µ²Ö, ̧ µµ¡Ð ÕÐ¥£µ ¶µ¸ÉµÖ´´µ¥ Ê¸±µ·¥´¨¥  . ‚ ́ ¥¨´¥·-
Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É ¢¥²¨Î¨´  dσ, ± ± ÔÉµ ¢¨¤´µ ¨ ¢ ¤ ´´µ³
¶·¨³¥·¥, ´¥ Ö¢²Ö¥É¸Ö ¶µ²´Ò³ ¤¨ËË¥·¥´Í¨ ²µ³. �Éµ µ§´ Î ¥É, ÎÉµ ¢
´¥¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É ´¥ ³µ¦¥É ¡ÒÉÓ µ¸ÊÐ¥¸É¢²¥´  ̧ µÌ· ´Ö-
ÕÐ Ö¸Ö ¸ É¥Î¥´¨¥³ ¢·¥³¥´¨ ¥¤¨´ Ö ¸¨´Ì·µ´¨§ Í¨Ö Î ¸µ¢, ´ Ìµ¤ÖÐ¨Ì¸Ö ¢
· §´ÒÌ ÉµÎ± Ì ¶·µ¸É· ´¸É¢ , ¶µ¸±µ²Ó±Ê µ´  § ¢¨¸¨É µÉ ¶ÊÉ¨ ¸¨´Ì·µ-
´¨§ Í¨¨. ’ ± Ö ¸¨´Ì·µ´¨§ Í¨Ö Î ¸µ¢ ³µ¦¥É ¡ÒÉÓ µ¸ÊÐ¥¸É¢²¥´  Éµ²Ó±µ ¢
¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É. ˆ³¥´´µ ¢ ÔÉµ³ ¸²ÊÎ ¥ ¢¥²¨Î¨´  dσ
Ö¢²Ö¥É¸Ö ¶µ²´Ò³ ¤¨ËË¥·¥´Í¨ ²µ³. Œ¥É·¨Î¥¸±¨¥ ¸¢µ°¸É¢  É·¥Ì³¥·´µ£µ
¶·µ¸É· ´¸É¢ , µ·Éµ£µ´ ²Ó´µ£µ ¢·¥³¥´¨ dσ, µ¶·¥¤¥²ÖÕÉ¸Ö ¢¥²¨Î¨´µ°

dl 2 = dρ2 cosh2 aτ + dy2 + dz2. (22)

‚¥²¨Î¨´  dl § ¢¨¸¨É µÉ ¤¥°¸É¢¨Ö ¸¨²µ¢µ£µ ¶µ²Ö, ¸µµ¡Ð ÕÐ¥£µ ¶µ¸ÉµÖ´´µ¥
Ê¸±µ·¥´¨¥ a. ’ ±¨³ µ¡· §µ³, ¤¥°¸É¢¨¥ ¶µ²Ö ¢ ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ³Ò
É· ´¸Ëµ·³¨·µ¢ ²¨ ¢ · ¢´µ³¥·´µ Ê¸±µ·¥´´ÊÕ ¸¨¸É¥³Ê ±µµ·¤¨´ É ¶·µ¸É-
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· ´¸É¢  Œ¨´±µ¢¸±µ£µ ¨ É¥³ ¸ ³Ò³ ¶¥·¥¢¥²¨ ¢ ³¥É·¨Î¥¸±¨¥ ¸¢µ°¸É¢  ¶·µ-
¸É· ´¸É¢ -¢·¥³¥´¨. � ¢´µ³¥·´µ Ê¸±µ·¥´´ Ö ¸¨¸É¥³  ±µµ·¤¨´ É ´¥ Ö¢²Ö¥É-
¸Ö ®¦¥¸É±µ°¯, ¶µ¸±µ²Ó±Ê ¢ ´¥° · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê Ë¨±¸¨·µ¢ ´´Ò³¨ ÉµÎ-
± ³¨ ¨§³¥´Ö¥É¸Ö ¸µ ¢·¥³¥´¥³. “Î¨ÉÒ¢ Ö (21) ¨ (22), ¨´É¥·¢ ² (20)
¶·¨´¨³ ¥É ¢¨¤

ds2 = dσ2 − dl 2. (23)

�µ¸±µ²Ó±Ê ¤²Ö ¸¢¥É  ¨´É¥·¢ ² ds · ¢¥´ ´Ê²Õ, Éµ ¨§³¥·¥´¨¥ ¤²¨´Ò dl
¸¢µ¤¨É¸Ö ± ¨§³¥·¥´¨Õ ¢·¥³¥´¨ ¶·µÌµ¦¤¥´¨Ö dσ µÉ·¥§±  dl ¸¢¥Éµ¢Ò³
¸¨£´ ²µ³. ˆ³¥´´µ µÉ¸Õ¤  ¸²¥¤Ê¥É, ÎÉµ · ¢´Ò³¨ Ö¢²ÖÕÉ¸Ö É ±¦¥ µÉ·¥§±¨,
±µÉµ·Ò¥ ¸¢¥É ¶·µÌµ¤¨É ¢ µ¤´µ ¨ Éµ ¦¥ ¢·¥³Ö.

ˆ§ Ëµ·³Ê²Ò (22) ¸²¥¤Ê¥É, ÎÉµ Ô²¥³¥´É ¤²¨´Ò ¢¤µ²Ó µ¸¨ ρ · ¢¥´

dlρ = dρ cosh aτ,

¨²¨, ¨¸¶µ²Ó§ÊÖ (11), ´ °¤¥³

dlρ = 
dρ

√1 − v2
 = dρ √1 + a2t 2 . (24)

ˆ³¥´´µ ÔÉ  Ëµ·³Ê²  ¨ ¢µ§´¨± ¥É ¨§-§  ²µ·¥´Í¥¢  ¸µ±· Ð¥´¨Ö ¤²¨´Ò
µÉ·¥§± . ’ ±¨³ µ¡· §µ³, · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê · ±¥É ³¨ ‚ ¨ ‘ ¢ · ¢´µ³¥·´µ
Ê¸±µ·¥´´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É µ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³

lρ = (xB − xC) √1 + a2t 2 = l
0
 √1 + a2t 2 . (25)

�µ ÔÉµ µ§´ Î ¥É, ÎÉµ ¢ ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ Š ¨³¥¥É ³¥¸Éµ (¢ ¶·µÉ¨¢µ-
¶µ²µ¦´µ¸ÉÓ ¢Ò¢µ¤Ê [4]) ²µ·¥´Í¥¢µ ¸µ±· Ð¥´¨¥ ¤²¨´Ò ¸É¥·¦´Ö, ¶µ±µÖÐ¥-

£µ¸Ö ¢ ¸¨¸É¥³¥ KN: xB − xC = lρ √1 − v2 . � ¸¸ÉµÖ´¨¥ ³¥¦¤Ê · ±¥É ³¨ l
0
,

§ Ë¨±¸¨·µ¢ ´´µ¥ ¢ µ¤¨´ ±µ¢Ò° ³µ³¥´É ¢·¥³¥´¨ (tB − tC) ́ ¥¶µ¤¢¨¦´Ò³ ́  -

¡²Õ¤ É¥²¥³ ¢ ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É, ´¥ ³µ¦¥É ¡ÒÉÓ · ¸¸Éµ-
Ö´¨¥³ ¢ ¸µ¶ÊÉ¸É¢ÊÕÐ¥° ¸¨¸É¥³¥ ±µµ·¤¨´ É, É ± ± ± ³µ³¥´ÉÒ ¢·¥³¥´¨
tB = tC µÉ´µ¸ÖÉ¸Ö ± · §´Ò³ ³µ³¥´É ³ ¢·¥³¥´¨ ¢ ¸µ¶ÊÉ¸É¢ÊÕÐ¥° ¸¨¸É¥³¥

±µµ·¤¨´ É, ¶µ¸±µ²Ó±Ê Ë¨§¨Î¥¸±µ¥ ¢·¥³Ö dσ ´¥ · ¢´µ ´Ê²Õ. ‚Ò· ¦¥´¨¥
(25) ¶µ± §Ò¢ ¥É, ÎÉµ ¨§-§  ´ ²¨Î¨Ö ¸¨²µ¢µ£µ ¶µ²Ö ¸ Ê¸±µ·¥´¨¥³   · ¸¸Éµ-
Ö´¨¥ ³¥¦¤Ê · ±¥É ³¨ ‚ ¨ ‘ Ê¢¥²¨Î¨¢ ¥É¸Ö ¸µ ¢·¥³¥´¥³, ÎÉµ ¨ ¶·¨¢µ¤¨É ±
µ¡·Ò¢Ê ´¨É¨, ¸¢Ö§Ò¢ ÕÐ¥° ÔÉ¨ · ±¥ÉÒ.

‚ µ¡Ð¥³ ¸²ÊÎ ¥ Ê¸±µ·¥´´µ£µ ¤¢¨¦¥´¨Ö ±¢ ¤· É ¨´É¥·¢ ²  ¡Ê¤¥É ¨³¥ÉÓ
¢¨¤

ds2 = gµνdx 
µdxν.
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�´ ²µ£¨Î´µ ¶·¥¤Ò¤ÊÐ¥³Ê ¢Ò¤¥²¨³ ¢ ±¢ ¤· É¥ ¨´É¥·¢ ²  ¢·¥³¥´¨¶µ¤µ¡-
´ÊÕ ¨ ¶·µ¸É· ´¸É¢¥´´µ¶µ¤µ¡´ÊÕ Î ¸É¨:

ds2 = dσ2 − dl 2,

£¤¥

dσ = 
g0λdx λ

√g00
,    dl 2 = xikdx idx k,    xik = − gik + 

g0ig0k

g00
 .

‚¥²¨Î¨´  dσ Ì · ±É¥·¨§Ê¥É Ë¨§¨Î¥¸±µ¥ ¢·¥³Ö, ±µÉµ·µ¥ ´¥ § ¢¨¸¨É µÉ ¢Ò-
¡µ·  ¶¥·¥³¥´´µ° ¢·¥³¥´¨. „¥°¸É¢¨É¥²Ó´µ, ¶Ê¸ÉÓ, ´ ¶·¨³¥·, ³Ò ¢¢¥¤¥³ ́ µ-

¢ÊÕ ¶¥·¥³¥´´ÊÕ x′0 ¶µ § ±µ´Ê

x′0 = x′0(x0, x i),    x′ i = x′.

’µ£¤  ´  µ¸´µ¢ ´¨¨ É¥´§µ·´µ£µ ¶·¥µ¡· §µ¢ ´¨Ö

g′µν = gαβ 
∂xα

∂x′ µ
 
∂x β

∂x′ ν

¨³¥¥³ ¢ ´ Ï¥³ ¸²ÊÎ ¥

g′00 = g00 



 
∂x0

∂x′0
 




2

,    g′0λ = g0β 
∂x0

∂x′0
 

∂xβ

∂x′ λ
,    dx′ λ = 

∂x′ λ

∂x σ
 dxσ,

ÊÎ¨ÉÒ¢ Ö

∂xβ

∂x′ λ
 
∂x′λ

∂x σ
 = δσ

β ,

´ °¤¥³

dσ = 
g′0λdx′ λ

√g′00
 = 

g0σdxσ

√g00
 .

’ ±¨³ µ¡· §µ³, ³Ò Ê¸É ´µ¢¨²¨, ÎÉµ Ë¨§¨Î¥¸±µ¥ ¢·¥³Ö dσ ´¥ § ¢¨¸¨É µÉ
¸¶µ¸µ¡  ¢Ò¡µ·  ±µµ·¤¨´ É´µ° ¢·¥³¥´´µ° ¶¥·¥³¥´´µ°. Šµµ·¤¨´ É´ Ö ¶¥-
·¥³¥´´ Ö ¢·¥³¥´¨ ´¥ Ì · ±É¥·¨§Ê¥É Ìµ¤ ¢·¥³¥´¨ Ë¨§¨Î¥¸±µ£µ ¶·µÍ¥¸¸ ,
¶µ¸±µ²Ó±Ê µ´  § ¢¨¸¨É µÉ ¶·µ¨§¢µ²  ¢Ò¡µ·  Î ¸µ¢. ”¨§¨Î¥¸±µ¥ ¢·¥³Ö
µ¶·¥¤¥²Ö¥É Ìµ¤ ¢·¥³¥´¨ Ë¨§¨Î¥¸±µ£µ ¶·µÍ¥¸¸ , µ¤´ ±µ ¢¥²¨Î¨´  dσ ¨³¥¥É
²µ± ²Ó´Ò° Ì · ±É¥·, ¶µ¸±µ²Ó±Ê ¢ ´¥¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É µ´ 
´¥ Ö¢²Ö¥É¸Ö ¶µ²´Ò³ ¤¨ËË¥·¥´Í¨ ²µ³,   ¶µÔÉµ³Ê ´¥ ¸ÊÐ¥¸É¢Ê¥É ¶¥·¥³¥´-
´µ° σ. ‚ ¨´¥·Í¨ ²Ó´µ° £ ²¨²¥¥¢µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É dσ ¸µ¢¶ ¤ ¥É ¸
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¤¨ËË¥·¥´Í¨ ²µ³ ±µµ·¤¨´ É´µ° ¶¥·¥³¥´´µ° ¨ Ö¢²Ö¥É¸Ö ¶µ²´Ò³ ¤¨ËË¥-

·¥´Í¨ ²µ³. ‚¥²¨Î¨´  dl 2 Ö¢²Ö¥É¸Ö ±¢ ¤· Éµ³ · ¸¸ÉµÖ´¨Ö ³¥¦¤Ê ÉµÎ± ³¨,
µ´  ´¥ § ¢¨¸¨É µÉ ¢Ò¡µ·  ±µµ·¤¨´ É´ÒÌ ¶¥·¥³¥´´ÒÌ ¨ ¨³¥¥É ²µ± ²Ó´Ò°
Ì · ±É¥·.

‚ ¤µ¶µ²´¥´¨¥ ± · ´¥¥ ̧ ± § ´´µ³Ê ̧ ²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¶·¥µ¡· §µ¢ ´¨¥
(21) Ö¢²Ö¥É¸Ö ´¥£µ²µ´µ³´Ò³,   ¶µÔÉµ³Ê ´¥ ¸ÊÐ¥¸É¢Ê¥É ¶¥·¥³¥´´µ° σ. ‚ ¸µ-
¶ÊÉ¸É¢ÊÕÐ¥° ´¥¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É ¨´É¥·¢ ² (23) ¡Ê¤¥É ¨³¥ÉÓ
¢¨¤

dsc
2 = dτ2 − dρ2 cosh2 aτ − dy2 − dz2. (23a)

‚ ¸¨²Ê ´¥£µ²µ´µ³´µcÉ¨ ¶·¥µ¡· §µ¢ ´¨Ö (21) ÔÉµÉ ¨´É¥·¢ ² ¡Ê¤¥É ·¨³ ´µ-
¢Ò³ [3]. �  µ¸´µ¢ ´¨¨ (23 ) ²¥£±µ ´ °É¨ ¸¨³¢µ²Ò Š·¨¸ÉµËË¥²Ö:

Γ µν
λ  = 

1
2
 gλρ(∂µgνρ + ∂νgµρ − ∂ρgµν).

�´¨ ¢ ´ Ï¥³ ¸²ÊÎ ¥ · ¢´Ò

Γ 11
0  = a sinh aτ cosh aτ,    Γ 01

1  = a 
sinh aτ
cosh aτ .

�É¸Õ¤  ¸²¥¤Ê¥É, ÎÉµ ±µ³¶µ´¥´ÉÒ É¥´§µ·  ±·¨¢¨§´Ò �¨³ ´ 

R νρσ
λ  = ∂ρΓ νσ

µ  − ∂σΓ νρ
µ  + Γ τρ

µ Γ νσ
τ  − Γ τσ

µ Γ νρ
τ

¤²Ö ³¥É·¨±¨ (23 ) ¡Ê¤ÊÉ · ¢´Ò

R010
1  = − a2,    R110

0  = − a2 cosh2 aτ.

ˆ¸¶µ²Ó§ÊÖ ¨§¢¥¸É´ÊÕ Ëµ·³Ê²Ê ¤²Ö £¥µ¤¥§¨Î¥¸±µ° ¤¥¢¨ Í¨¨

d 2δx µ

dτ2
 + R σλν

µ UσUνδx λ = 0,

¶µ²ÊÎ¨³

d 2δx1

dτ2
 − a2δx1 = 0,

ÎÉµ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ ¢§ ¨³´µ³ Ê¤ ²¥´¨¨ ¸µ ¢·¥³¥´¥³ ¶·µ¡´ÒÌ É¥² ¢ ¸µ-
¶ÊÉ¸É¢ÊÕÐ¥° ´¥¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É.

„µ¶µ²´¨É¥²Ó´ Ö ¨²²Õ¸É· Í¨Ö Ì · ±É¥·  µÉ´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö
®· ±¥É �¥²² ¯ ¶µ²ÊÎ¨É¸Ö, ¥¸²¨ ³Ò · ¸¸³µÉ·¨³ ¢µ¶·µ¸ µ Éµ³, ¸³µ£ÊÉ ²¨
´ Ìµ¤ÖÐ¨¥¸Ö ¢ ́ ¨Ì ´ ¡²Õ¤ É¥²¨ ¶µ¤¤¥·¦¨¢ ÉÓ ³¥¦¤Ê ̧ µ¡µ° · ¤¨µ¸¢Ö§Ó. „²Ö
 ´ ²¨§  ¤ ´´µ° § ¤ Î¨ ´ ³ ´¥µ¡Ìµ¤¨³µ ¸ ¶µ³µÐÓÕ ¶·¥µ¡· §µ¢ ´¨° (9) ¨
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(10) § ¶¨¸ ÉÓ ±¢ ¤· É ¨´É¥·¢ ²  ¢ ¶¥·¥³¥´´ÒÌ Ê¸±µ·¥´´µ° ¸¨¸É¥³Ò ±µµ·-
¤¨´ É:

S12
2  = (t2 − t1)2 − (x2 − x1)2 = 

= 



 
2
a
 sinh 

a(τ2 − τ1)
2

 − l0 sinh 
a(τ1 + τ2)

2
 




2

 − l 0
2 cosh2 

a(τ1 + τ2)
2

 ,

§¤¥¸Ó l
0
 = x

2
0 − x

1
2.

‚·¥³Ö ¶·¨Ìµ¤  · ¤¨µc¨£´ ² , ¨¸¶ÊÐ¥´´µ£µ µ¤´¨³ ¨§ ´ ¡²Õ¤ É¥²¥° ±

¤·Ê£µ³Ê, µ¶·¥¤¥²Ö¥É¸Ö Ê¸²µ¢¨¥³ S12
2  = 0. …¸²¨ ¸¨£´ ² ¨¸¶ÊÐ¥´ ¨§ £µ²µ¢´µ°

· ±¥ÉÒ ‚ ¢ ³µ³¥´É ¢·¥³¥´¨ τ1,  Éµ, ± ± ́ ¥É·Ê¤´µ ¶µ± § ÉÓ ¨§ ¢Ò· ¦¥´¨Ö ¤²Ö

¨´É¥·¢ ² , µ´ ¡Ê¤¥É ¶µ²ÊÎ¥´ ´ ¡²Õ¤ É¥²¥³ ¢ · ±¥É¥ ‘ ¢ ³µ³¥´É ¢·¥³¥´¨
τ2, µ¶·¥¤¥²Ö¥³Ò° Ê· ¢´¥´¨¥³

eaτ
2 = eaτ

1 + al0.

’ ±¨³ µ¡· §µ³, · ¤¨µ¸¨£´ ², ̈ ¸¶ÊÐ¥´´Ò° ̈ § · ±¥ÉÒ ‚, ¢¸¥£¤  ¤µ¸É¨£ ¥É
· ±¥ÉÒ ‘. ‘ ÉµÎ±¨ §·¥´¨Ö ´¥¶µ¤¢¨¦´µ£µ ´ ¡²Õ¤ É¥²Ö ¶·¨ aτ1 >> 1 Ê¸²µ¢¨¥

¶·¨´¨³ ¥É ¶·µ¸Éµ° ¢¨¤:

t2 ≅ t1 + 
l0
2
 .

‘µ¢¸¥³ ¤·Ê£µ° ·¥§Ê²ÓÉ É ¶µ²ÊÎ ¥É¸Ö ¶·¨ · ¸¸³µÉ·¥´¨¨ · ¸¶·µ¸É· ´¥´¨Ö
· ¤¨µ¸¨£´ ² , ¨¸¶ÊÐ¥´´µ£µ § ¤´¥° · ±¥Éµ° ‘. ‚·¥³Ö ¶·¨Ìµ¤  ¥£µ ¢ £µ²µ¢-
´ÊÕ · ±¥ÉÊ τ

1
 ¡Ê¤¥É µ¶·¥¤¥²ÖÉÓ¸Ö ¨§ Ê· ¢´¥´¨Ö

e−aτ
1 = e−aτ

2(1 − al0e
aτ

2).

�Éµ Ê· ¢´¥´¨¥ · §·¥Ï¨³µ, Éµ²Ó±µ ¥¸²¨ ¨³¥¥É ³¥¸Éµ ´¥· ¢¥´¸É¢µ

al0e
aτ

2 < 1.

…¸²¨ ÔÉµ Ê¸²µ¢¨¥ ´¥ ¢Ò¶µ²´Ö¥É¸Ö, Éµ ´ ¡²Õ¤ É¥²Ó ¢ · ±¥É¥ ‚ ´¥ ³µ¦¥É
¶µ²ÊÎ¨ÉÓ ´¨± ±µ° ¨´Ëµ·³ Í¨¨ ¨§ · ±¥ÉÒ ‘. ’ ±¨³ µ¡· §µ³, ¤²Ö ´ ¡²Õ-
¤ É¥²Ö ¢ £µ²µ¢´µ° · ±¥É¥ ‚ § ¤´ÖÖ · ±¥É  ‘ ¸ É¥Î¥´¨¥³ ¢·¥³¥´¨ ¤µ²¦´ 
¨¸Î¥§´ÊÉÓ §  £µ·¨§µ´Éµ³ ¸µ¡ÒÉ¨°. „²Ö ¶µ²ÊÎ¥´¨Ö ¢ · ±¥É¥ ‚ ¨´Ëµ·³ Í¨¨
¨§ · ±¥ÉÒ ‘ ´¥µ¡Ìµ¤¨³µ ¢Ò±²ÕÎ¨ÉÓ ¤¢¨£ É¥²¨ · ±¥ÉÒ ‚. ‘± § ´´µ¥ ¢ÒÏ¥
¡Ê¤¥É ·¥ ²Ó´µ ¶·µÖ¢²ÖÉÓ¸Ö ¶·¨ Ê¸±µ·¥´¨¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ ¶µ¸ÉµÖ´-
´µ³ Ô²¥±É·¨Î¥¸±µ³ ¶µ²¥.
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�Ê¸ÉÓ, ´ ¶·¨³¥·, Ô²¥±É·µ´´Ò° ¸£Ê¸Éµ± Ê¸±µ·Ö¥É¸Ö ¢ ²¨´¥°´µ³ Ê¸-
±µ·¨É¥²¥ ¸µ ¸·¥¤´¥° ´ ¶·Ö¦¥´´µ¸ÉÓÕ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö … ¤µ Ô´¥·£¨¨
ε >> m. ’µ£¤  ± ±µ´ÍÊ ¶·µÍ¥¸¸  Ê¸±µ·¥´¨Ö ¸£Ê¸É±  ¨§ Ê¸²µ¢¨Ö

al0e
aτ

2 = al0


at2 + √1 + a2t 2

2  

 < 1

¨³¥¥³ ´¥· ¢¥´¸É¢µ

l0 ≤ 
(mc2)2

2eEε  .

�É¸Õ¤  ¸²¥¤Ê¥É, ÎÉµ ´  £µ²µ¢´ÊÕ Î ¸ÉÓ ¸£Ê¸É±  ¡Ê¤ÊÉ ¢²¨ÖÉÓ ± ±µ´ÍÊ Ê¸±µ-
·¥´¨Ö Éµ²Ó±µ É¥ § ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ, ±µÉµ·Ò¥ ¢ ´ Î ²¥ Ê¸±µ·¥´¨Ö ´ -

Ìµ¤¨²¨¸Ó µÉ ´¥£µ ´  · ¸¸ÉµÖ´¨ÖÌ ³¥´ÓÏ¨Ì, Î¥³ 
(mc2)2

2eEε  . „²Ö ¶·µ-

¥±É¨·Ê¥³ÒÌ ²¨´¥°´ÒÌ ±µ²² °¤¥·µ¢ ¸ eE = 100 ŒÔ‚/³ ¨ Ô´¥·£¨¥°

ε = 200 ƒÔ‚ ¢¥²¨Î¨´  l
0
 ¸µ¸É ¢²Ö¥É l

0
 ≅ 6⋅10−7 ¸³.

‡ ¤ Î  „¦.�¥²²  Ê± §Ò¢ ¥É ³Ò¸²¥´´Ò° ¶ÊÉÓ ¶µ¸É·µ¥´¨Ö · ¢´µ³¥·´µ Ê¸-
±µ·¥´´µ° ¸¨¸É¥³Ò ±µµ·¤¨´ É. �Ê¸ÉÓ ¢ ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É
µ¸ÊÐ¥¸É¢²¥´  ¥¤¨´ Ö ¸¨´Ì·µ´¨§ Í¨Ö Î ¸µ¢ ¢ ± ¦¤µ° ÉµÎ±¥ ¶·µ¸É· ´¸É¢ .
’µ£¤  ³µ¦´µ ·¥ ²¨§µ¢ ÉÓ · ¢´µ³¥·´µ Ê¸±µ·¥´´ÊÕ ¸¨¸É¥³Ê ±µµ·¤¨´ É ¸
¶µ³µÐÓÕ ¡¥¸±µ´¥Î´µ£µ Î¨¸²  ®· ±¥É �Ô²² ¯, ¸É ·ÉÊÕÐ¨Ì µ¤´µ¢·¥³¥´´µ ¨§
· §´ÒÌ ÉµÎ¥± ®´¥¶µ¤¢¨¦´µ°¯ ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³Ò ±µµ·¤¨´ É ¸ µ¤¨´ ±µ-
¢Ò³ ¨ ¶µ¸ÉµÖ´´Ò³ Ê¸±µ·¥´¨¥³  . ’ ±, ³Ò ³Ò¸²¥´´µ ³µ¦¥³ ¸µ§¤ ÉÓ ¢ ¸±µ²Ó
Ê£µ¤´µ ¡µ²ÓÏµ³ µ¡Ñ¥³¥ ¶·µ¸É· ´¸É¢  · ¢´µ³¥·´µ Ê¸±µ·¥´´ÊÕ ¸¨¸É¥³Ê ±µ-
µ·¤¨´ É. ˆ³¥´´µ É ±ÊÕ ¸¨¸É¥³Ê ±µµ·¤¨´ É ¨ ¸²¥¤Ê¥É ¸· ¢´¨¢ ÉÓ ¸ µ¤´µ·µ¤-
´Ò³ £· ¢¨É Í¨µ´´Ò³ ¶µ²¥³. �¤´ ±µ ¨´µ£¤  ¨¸¶µ²Ó§ÊÕÉ ®¦¥¸É±ÊÕ¯ · ¢´µ-
³¥·´µ Ê¸±µ·¥´´ÊÕ ¸¨¸É¥³Ê ±µµ·¤¨´ É, ¢ ±µÉµ·µ° · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê
Ë¨±¸¨·µ¢ ´´Ò³¨ ÉµÎ± ³¨ ´¥ § ¢¨¸¨É µÉ ¢·¥³¥´¨. ’ ± Ö ¸¨¸É¥³  ¢¢¥¤¥´ 
Œ¥²²¥·µ³, ¢ ´¥° ±µµ·¤¨´ ÉÒ (η, ρ) ¸¢Ö§ ´Ò ¸ ±µµ·¤¨´ É ³¨ ¨´¥·Í¨ ²Ó´µ°
¸¨¸É¥³Ò (t, x) ¸µµÉ´µÏ¥´¨Ö³¨

t = ρ sinh aη,    x = ρ cosh aη (26)

(ÎÉµ¡Ò ´¥ § £·µ³µ¦¤ ÉÓ ¨§²µ¦¥´¨¥, ³Ò µ£· ´¨Î¨³¸Ö µ¤´µ° ¶·µ¸É· ´¸É-
¢¥´´µ° ±µµ·¤¨´ Éµ° Ì). ˆ´É¥·¢ ² ³¥¦¤Ê ¸µ¡ÒÉ¨Ö³¨ ¢ ¸¨¸É¥³¥ Œ¥²²¥· ,
±µÉµ·ÊÕ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ · ¡µÉµ° [4] ¡Ê¤¥³ µ¡µ§´ Î ÉÓ Ka, · ¢¥´

ds2 = dt 2 − dx2 = a2ρ2dη2 − dρ2. (27)

�É¸Õ¤  ¸²¥¤Ê¥É, ÎÉµ ¶·µ³¥¦ÊÉµ± ¸µ¡¸É¢¥´´µ£µ ¢·¥³¥´¨ ¢ ¸¨¸É¥³¥ Ka

· ¢¥´ dτ = aρdη,   · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ¸µ¸¥¤´¨³¨ (Ë¨±¸¨·µ¢ ´´Ò³¨) ÉµÎ-
± ³¨ ¶µ¸ÉµÖ´´µ ¨ · ¢´µ dρ. ‚ ÔÉµ³ ¸³Ò¸²¥ ¸¨¸É¥³  Ka Ö¢²Ö¥É¸Ö ®¦¥¸É-
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±µ°¯. „²Ö ¢ÒÖ¢²¥´¨Ö ¥¥ · §²¨Î¨Ö ¸ ¸¨¸É¥³µ° ±µµ·¤¨´ É (9)Å(10) (¨²¨, ¢
µ¡µ§´ Î¥´¨ÖÌ · ¡µÉÒ [4], ¸ ¸¨¸É¥³µ° KN), · ¸¸³µÉ·¨³ ¢µ¶·µ¸ µ Éµ³, ± -

±µ° ̧ µ¢µ±Ê¶´µ¸ÉÓÕ É¥² ³µ¦¥É µ¸ÊÐ¥¸É¢²ÖÉÓ¸Ö ¸¨¸É¥³  Ka. ̂ § (26) ¸²¥¤Ê¥É,

ÎÉµ Ë¨±¸¨·µ¢ ´´ Ö ¢ ¸¨¸É¥³¥ Ka ÉµÎ±  ρ = ρ
0
 ¤¢¨¦¥É¸Ö ¢ ®´¥¶µ¤¢¨¦´µ°¯

¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ µÉ¸Î¥É  ¶µ § ±µ´Ê

x = ρ
0
√1 + 

t 2

ρ
0
2
 , (28)

É.¥. ¸É ·ÉÊ¥É ¢ ³µ³¥´É t = 0 ¨§ ÉµÎ±¨ x
0
 = ρ

0
 ´  µ¸¨ Ì ¸ ¶µ¸ÉµÖ´´Ò³ Ê¸±µ-

·¥´¨¥³ a
0
 = 

1
ρ

0
. �Éµ µ§´ Î ¥É, ÎÉµ ̧ ¨¸É¥³  Ka ·¥ ²¨§Ê¥É¸Ö ¸¨¸É¥³µ° ®· ±¥É

Œ¥²²¥· ¯, ¸É ·ÉÊÕÐ¨Ì µ¤´µ¢·¥³¥´´µ ¢ ®´¥¶µ¤¢¨¦´µ°¯ ¨´¥·Í¨ ²Ó´µ°
¸¨¸É¥³¥ ±µµ·¤¨´ É ¸ · §´Ò³¨ Ê¸±µ·¥´¨Ö³¨  (Ì), § ¢¨¸ÖÐ¨³¨ µÉ ¨Ì ¶µ²µ-

¦¥´¨Ö ´  µ¸¨ Ì:  a(x) = 
1

x
. …¸²¨ ¢ ®´¥¶µ¤¢¨¦´µ°¯ ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥

±µµ·¤¨´ É · ±¥ÉÒ Œ¥²²¥· , ´ Ìµ¤ÖÐ¨¥¸Ö ´  · ¸¸ÉµÖ´¨¨ dx, ¸É ·ÉÊÕÉ µ¤-
´µ¢·¥³¥´´µ,   · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ´¨³¨ ¢ Ê¸±µ·¥´´µ° ¸¨¸É¥³¥ Ka · ¢´µ dρ,

Éµ ¢ ®´¥¶µ¤¢¨¦´µ°¯ ¸¨¸É¥³¥ ±µµ·¤¨´ É · ¸¸ÉµÖ´¨¥ dx ¡Ê¤¥É Ê³¥´ÓÏ ÉÓ¸Ö
¸µ ¢·¥³¥´¥³ ¶µ § ±µ´Ê

dx = 
dρ

√1 + 
t 2

ρ2

 , (29)

ÎÉµ ¨ ¸µµÉ¢¥É¸É¢Ê¥É ¸µ±· Ð¥´¨Õ ‹µ·¥´Í . �·¨¢¥¤¥´´Ò¥ ¢ÒÏ¥ ´ £²Ö¤´Ò¥
¸µµ¡· ¦¥´¨Ö ¶µ± §Ò¢ ÕÉ, ÎÉµ ¸¨¸É¥³  Ka (¢ µÉ²¨Î¨¥ µÉ KN) ´¥ ³µ¦¥É

³µ¤¥²¨·µ¢ ÉÓ µ¤´µ·µ¤´µ¥ ¸¨²µ¢µ¥ ¶µ²¥, ¢¸¥ ÉµÎ±¨ ±µÉµ·µ£µ ¶·¥¤¶µ² £ -
ÕÉ¸Ö ¤¢¨¦ÊÐ¨³¨¸Ö ¶µ £¨¶¥·¡µ²¨Î¥¸±µ³Ê § ±µ´Ê (9) ¸ µ¤¨´ ±µ¢Ò³ ¶µ¸Éµ-
Ö´´Ò³ Ê¸±µ·¥´¨¥³  . ‚ ¶·¨´Í¨¶¥ ´¥¢µ§³µ¦´µ ¶µ¸É·µ¨ÉÓ ®¦¥¸É±ÊÕ¯
¸¨¸É¥³Ê ±µµ·¤¨´ É, ±µÉµ· Ö ¨³¨É¨·µ¢ ²  ¡Ò µ¤´µ·µ¤´µ¥ ¸¨²µ¢µ¥ ¶µ²¥.
‚¢¥¤¥´¨¥ ¦¥¸É±µ° ¸¨¸É¥³Ò ±µµ·¤¨´ É ¸µ¶·µ¢µ¦¤ ¥É¸Ö ´¥ Éµ²Ó±µ É¥³, ÎÉµ
µ´  ´ ·ÊÏ ¥É µ¤´µ·µ¤´µ¸ÉÓ ¸¨²µ¢µ£µ ¶µ²Ö, ´µ ¨ µ¡Ö§ É¥²Ó´µ ¶·¨¢µ¤¨É ±
´¥¶µ²´µ³Ê µÉµ¡· ¦¥´¨Õ ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨ ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³Ò
±µµ·¤¨´ É ¢ Ê¸±µ·¥´´ÊÕ ¸¨¸É¥³Ê. �µÔÉµ³Ê ¶·¥¤¶µÎÉ¥´¨¥ ¸¨¸É¥³Ò Ka ¶µ

¸· ¢´¥´¨Õ ¸ KN, ±µÉµ·µ¥ ¤¥² ÕÉ  ¢Éµ·Ò · ¡µÉÒ [4] ¶·¨ µ¡¸Ê¦¤¥´¨¨

¶·¨´Í¨¶  Ô±¢¨¢ ²¥´É´µ¸É¨, ¶·¥¤¸É ¢²Ö¥É¸Ö ´¥µ¶· ¢¤ ´´Ò³.
�  ¶·¨³¥·¥  ´ ²¨§  § ¤ Î¨ „¦.�Ô²²  ³Ò Ö¸´µ Ê¢¨¤¥²¨, ÎÉµ ̧ ¶¥Í¨ ²Ó´ Ö

É¥µ·¨Ö µÉ´µ¸¨É¥²Ó´µ¸É¨ ¶·¨³¥´¨³  ¨ ± ´¥¨´¥·Í¨ ²Ó´Ò³ ¸¨¸É¥³ ³ ±µ-
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µ·¤¨´ É [2]. ‚¸¥ ÔÉµ ¥¸É¥¸É¢¥´´µ ¨ µÎ¥¢¨¤´µ, ¶µ¸±µ²Ó±Ê ¸ÊÉÓ ¸¶¥Í¨ ²Ó´µ°
É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨ ¸µ¸Éµ¨É Éµ²Ó±µ ¢ Éµ³, ÎÉµ ¶·µ¸É· ´¸É¢µ ¨ ¢·¥³Ö
µ¡· §ÊÕÉ ´¥· §·Ò¢´µ ¸¢Ö§ ´´Ò° Î¥ÉÒ·¥Ì³¥·´Ò° ±µ´É¨´ÊÊ³, ¢ ±µÉµ·µ³ ³¥-
·µ° · ¸¸ÉµÖ´¨Ö ³¥¦¤Ê ¸µ¡ÒÉ¨Ö³¨ ¸²Ê¦¨É ±¢ ¤· É ¨´É¥·¢ ²  ³¥¦¤Ê ´¨³¨.
“É¢¥·¦¤¥´¨e µ Éµ³, ÎÉµ ¸¶¥Í¨ ²Ó´ÊÕ É¥µ·¨Õ µÉ´µ¸¨É¥²Ó´µ¸É¨ ´¥²Ó§Ö ¨¸-
¶µ²Ó§µ¢ ÉÓ ¤²Ö µ¶¨¸ ´¨Ö Ö¢²¥´¨° ¢ ´¥¨´¥·Í¨ ²Ó´ÒÌ ¸¨¸É¥³ Ì ±µµ·¤¨´ É,
¢Ò£²Ö¤¨É ¸Éµ²Ó ¦¥ ´¥²¥¶µ, ± ± ¨ ÊÉ¢¥·¦¤¥´¨¥ µ Éµ³, ÎÉµ ´  ¶²µ¸±µ¸É¨ ³µ¦-
´µ ¨¸¶µ²Ó§µ¢ ÉÓ Éµ²Ó±µ ¤¥± ·Éµ¢Ê ¸¨¸É¥³Ê ±µµ·¤¨´ É ¨ ´¥²Ó§Ö ¶·¨³¥´ÖÉÓ
±·¨¢µ²¨´¥°´ÊÕ. ’ ±µ¥ § ¡²Ê¦¤¥´¨¥ ¶·µ¨§µÏ²µ ¨§-§  Éµ£µ, ÎÉµ ¶·¨¤ ¢ ²¨
´¥µ¶· ¢¤ ´´µ ¡µ²ÓÏµ¥ §´ Î¥´¨¥ ¶µ´ÖÉ¨Õ µ¤´µ¢·¥³¥´´µ¸É¨ ¢ · §´ÒÌ ÉµÎ± Ì
¶·µ¸É· ´¸É¢  ¨ ¶·µÍ¥¸¸Ê ¸¨´Ì·µ´¨§ Í¨¨ Î ¸µ¢ ¢ · §´ÒÌ ÉµÎ± Ì ¶·µ¸É· ´¸É-
¢ . �µ¸±µ²Ó±Ê ÔÉ¨ ¶µ´ÖÉ¨Ö µ£· ´¨Î¥´´Ò ¨ ¨³¥ÕÉ ¸³Ò¸² Éµ²Ó±µ ¢
¨´¥·Í¨ ²Ó´ÒÌ ¸¨¸É¥³ Ì ±µµ·¤¨´ É, ¶µ-¢¨¤¨³µ³Ê, ¨ ± § ²µ¸Ó, ÎÉµ ¸¶¥Í¨ ²Ó-
´ÊÕ É¥µ·¨Õ µÉ´µ¸¨É¥²Ó´µ¸É¨ ´¥²Ó§Ö ¶·¨³¥´ÖÉÓ ¢ ´¥¨´¥·Í¨ ²Ó´ÒÌ ¸¨¸É¥³ Ì
±µµ·¤¨´ É. ˆ´É¥·¢ ² (16) ¶µ ¸ ³µ³Ê ¶µ¸É·µ¥´¨Õ ´¥ § ¢¨¸¨É µÉ ¢Ò¡µ· 
¸¨¸É¥³Ò ±µµ·¤¨´ É ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ. �·¥µ¡· §µ¢ ´¨¥ µÉ ±µ-
µ·¤¨´ É ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³Ò ± ±µµ·¤¨´ É ³ ´¥¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³Ò
¤µ²¦´µ ¡ÒÉÓ ¢§ ¨³´µ µ¤´µ§´ Î´Ò³ ¨ ¶·¨Éµ³ É ±¨³, ÎÉµ¡Ò µ¡· É´µ¥ ¶·¥µ¡-
· §µ¢ ´¨¥ ¶µ±·Ò¢ ²µ ¢¸¥ ¶·µ¸É· ´¸É¢µ Œ¨´±µ¢¸±µ£µ. ’µ²Ó±µ ¢ ÔÉµ³ ¸²ÊÎ ¥
Ë¨§¨Î¥¸±¨¥ ¶·µÍ¥¸¸Ò, ¶·µÉ¥± ÕÐ¨¥ ¢ ̈ ´¥·Í¨ ²Ó´µ° ̧ ¨¸É¥³¥ ±µµ·¤¨´ É ³µ-
£ÊÉ ¡ÒÉÓ ¶µ²´µ¸ÉÓÕ µÉ· ¦¥´Ò ¶·¨ ¨Ì µ¶¨¸ ´¨¨ ¢ ´¥¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥
±µµ·¤¨´ É.

‘²¥¤Ê¥É µ¸µ¡µ µÉ³¥É¨ÉÓ, ÎÉµ ¶·¥µ¡· §µ¢ ´¨Ö (26) ´¥ µÉ· ¦ ÕÉ ¢¸¥
ÉµÎ±¨ ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ ¢ Ê¸±µ·¥´´ÊÕ ¸¨¸É¥³Ê ±µµ·¤¨´ É, ¶µ-
¸±µ²Ó±Ê ¤¥É¥·³¨´ ´É ³¥É·¨Î¥¸±µ£µ É¥´§µ· 

g = − aρ

µ¡· Ð ¥É¸Ö ¢ ´Ê²Ó ¢ ÉµÎ±¥ ρ = 0. �µ, ¶µ¸±µ²Ó±Ê, ¸µ£² ¸´µ (26),

x2 − t 2 = (x − t)(x + t) = ρ2,

ÔÉµ µ§´ Î ¥É, ÎÉµ ¶·¥µ¡· §µ¢ ´¨Ö (26)
µÉµ¡· ¦ ÕÉ Éµ²Ó±µ Î ¸ÉÓ ¶·µ¸É· ´¸É-
¢  Œ¨´±µ¢¸±µ£µ, § ±²ÕÎ¥´´µ£µ ³¥¦¤Ê
¶·Ö³Ò³¨ x = t, x = −t. �  ·¨¸.4 ÔÉµ
µ¡² ¸ÉÓ I.

�É¸Õ¤  ¸²¥¤Ê¥É, ÎÉµ µ¶¨¸ ´¨¥
Ë¨§¨Î¥¸±¨Ì ¶·µÍ¥¸¸µ¢, ±µÉµ·Ò¥ ¢
¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ (£ ²¨²¥¥¢Ò ±µ-
µ·¤¨´ ÉÒ) § Ì¢ ÉÒ¢ ÕÉ µ¡² ¸É¨, ¢ÒÌµ-
¤ÖÐ¨¥ §  µ¡² ¸ÉÓ I, ¢ ¸¨¸É¥³¥ Œ¥²²¥· 
´¥ ³µ¦¥É ¡ÒÉÓ µ¸ÊÐ¥¸É¢²¥´µ. �¨¸.4
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�¢Éµ·Ò ¢Ò· ¦ ÕÉ ¡² £µ¤ ·´µ¸ÉÓ Œ.�.Œ¥¸É¢¨·¨Ï¢¨²¨, ‚.�.�¥É·µ¢Ê ¨
�.….’Õ·¨´Ê §  Í¥´´Ò¥ µ¡¸Ê¦¤¥´¨Ö.
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